The active principle of EP3, a fraction from an extract of the culture mediumof Lentinus edodes mycelia (LEM), which activates murine macrophages, causes proliferation of bone marrow cells, and inhibit the replication of HumanImmunodeficiency Virus in vitro, was characterized as a watersolubilized lignin. The detailed structural feature of this water-solubilized lignin was investigated and shown to be a highly condensed and polycarboxylated lignin which is denatured and solubilized by Lentinus edodes from bagasse. The water-solubilized lignin itself was confirmed to have both immunological activities and the antiviral activity.
LEM is a whole extract of the mycelial culture of a Japanese edible mushroom, Lentinus edodes, grown in a solid medium of sugar-cane bagasse and defatted rice bran.1}
LEMand its purified fractions have antiviral we showed that EP3 and its lower molecular weight fraction (EPS4) inhibited the infectivity and cytopathic effects of HIVin vitro, and further presumed that a major component of EP3 and EPS4 was a water-solubilized lignin.4) In this paper, we have analyzed the structure of the active substance in EP3, and found that the highly condensed and carboxylated lignin is responsible for the immunological and antiviral activities.
Materials and Methods
Materials.
Preparation of LEM. LEM(Noda Shokuhin Kogyo
Co., Ltd., Chiba) was prepared by the previously reported Determination of phenolic hydroxyl groups. Phenolic hydroxyl groups (free form) in EP3 were determined by the As method.13) Determination of lignin.1^ EP3 (2mg) was placed in a glass reaction bottle with a solution of 25% (w/w) acetyl bromide in acetic acid (5 ml) containing perchloric acid (70%, 0.2ml). After digestion at 70°C for 30min with gentle shaking, the solution was transferred to a 100ml volumetric flask containing 2m NaOH (20ml) and acetic acid (25 ml). Then the solution was made up to 100ml with acetic acid and the absorbance was measured at 280nm. Lignin content was determined by using the specific absorption coefficient of 20.0 g^ -l-cm"1. Alkaline nitrobenzene oxidation}5" 1 Sodium hydroxide (2m, 4ml) and nitrobenzene (0.25 ml) were added to EP3, and the mixture was heated at 180°C for 4hr in a stainless steel vessel. 3-Ethoxy-4-hydroxybenzaldehyde was added to the reaction mixture as an internal standard and the mixture was extracted three times with dichloromethane (30 ml each) to remove nonphenolic matters. The aqueous layer was acidified to pH 1 and extracted twice with dichloromethane (30 ml) and once with diethylether. The organic layer was washed once with water, dehydrated with anhydrous Na2SO4, and dried in vacuo. The extract was trimethylsilylated and analyzed by gas-liquid chromatography with an OV101 bonded column (50mx 0.25mm) in a mode of linearly-increasing temperature from 180 to 250°C at the rate of 5°C/min after keeping at 180°C for lOmin. Determination of carboxyl groups by amidation.16) EP3 (lOOmg) was dissolved in 10ml of water and 3mmols of glycine methyl ester were added to the solution. The mixture was adjusted to pH 4.75 and 12.5ml of the aqueous solution containing 2mmols of l-ethyl-3-(3-dimethylaminopropoyl)carbodiimide (EDC) were added.
After the solution was kept stirred for 4hr at the same pH at room temperature, it was dialyzed against water and freeze-dried to give the amidated product designated EP3-GME. The IR spectrum of EP3-GME showed all of carboxyl groups were converted to amide. The carboxyl content was calculated from the increased nitrogen content.
UV, IR, and NMRanalyses. UVspectra were taken by a Shimadzu UV-200 spectrophotometer.
IR spectra were recorded as KBr tablets on a Shimadzu IR-435 infrared spectrophotometer. CP/MAS NMR spectra were taken with a Bruker MSL-400spectrometer.
Results

Spreading of macrophages induced by EP3
As shown in Fig. 1 Determination of lignin EP3 contained about 80%of unknown organic matter which was neither proteins nor sugars. Due to strong UV absorption at 280 nm, brownish color, high hydrophobicity, and above all high unsaturation shown in an extremely low content of hydrogen in the elemental analysis, the main component of EP3 was deduced to be lignin. The lignin content of EP3 was 81.1% by the acetyl bromide method14) which is based on absorption specific to the aromatic rings of lignin. 17) IR and NMRanalyses The IR spectrum ofEP3 (solid line in Fig. 2 cm"1), carboxylate (1590 cm"1), and cinnamic acid ester (1740cm x). The last ester band is also characteristic of Gramineae lignocellulose.
Milled wood lignin18) isolated from wheat internodes (dashed line in Fig. 2 ) gave quite a similar spectrum except that EP3 has major absorption around 1590 cm"1 due to carboxylate, and does not have one at 830 cm"1due to the two adjacent aromatic ring hydrogens.
EP3 was analyzed by a cross polarization/ magic angle spinning 13C-NMR (CP/MAS NMR). As shown in Fig. 3 These results clearly show that lignin in EP3 originated from bagasse lignin, but it has been converted into highly condensed and highly denatured forms by having a great number of carboxyl groups introduced by Lentinus edodes.
Analysis of carboxyl groups
All of the above data showed that EP3 contains a considerable amount of carboxyl groups, which endow EP3 with high watersolubility. The content of carboxyl groups in EP3 was determined by a new method using amide formation.16) EP3 was coupled with glycine methyl ester (GME)in the presence of carbodiimide and the resulted amide derivative (designated EP3-GME) showed a newly appeared primary amide (-CONH-) band at 1650 cm"1 in place of the strong carboxylate band at 1590 cm"1 in the IR spectra, indicating that carboxylate in EP3 was almost completely amidated. This was also supported by the fact that the solubility of EP3-GME in water reduced to 0.2% of that of EP3. The nitrogen content of EP3-GME increased to 4 .60% compared to that of EP3 (1.74%), and this increase of nitrogen corresponded to the incorporation of one atom of nitrogen into one carboxyl group. The carboxyl group content in EP3 was calculated from the nitrogen increase as 0.24eq/100g EP3, e.g., 0.48mol carboxyl group per phenylpropane unit.
Molecular weight analysis
Lignin is a complex polymer with a wide molecular weight distribution. A gel filtration profile of EP3 on a Sephacryl S-300 column (Fig. 4) showed one broad peak with molecular weight ranging from 104 to 1.5 x 106. The weight-average molecular weight (Mw) was calculated as 3.2 x lO5, the number-average molecular weight (Mn) was 2x lO4 and the molecular weight dispersity (MJMn) was 15.9, indicating the polydisperse nature of EP3. The eluate in Fig. 4 MT-4cells were infected with HIV for 1 hr, and after washing with medium, infected cells (3 x 105) were cultured with samples on a 24-well microplate at 37°C. On day 4, the expression of HIV antigens on HIV-infected MT-4 cells was determined by the indirect immunofluorescence using anti-HIV antibody positive plasma.
EP3-DL lost its activities considerably in the glucose consumption of macrophages (Fig.  5A) , the thymidine uptake of bone marrow cells (Fig. 5B) , and the morphological change of macrophages (data not shown).
Furthermore, the same tendency was observed in anti-HIV activity. As shown in Table I '8) was completely contradicted by the discovery of this lignin derivative.
The molecular weight of the water-solubilized lignin in EP3 are widely distributed and the fractions EPS1, 2, 3, and 4 obtained by gel filtration chromatography of EP3 (Fig. 4) showed not only the same immunological activities as those of EP3 but also completely identical IR spectra to EP3. These results strongly suggest that the water-solubilized lignins in EP3 have almost the same structural characteristics except molecular sizes, and the immunological activities would be independent of their molecular sizes. In our previous work, the anti-HIV activity of EPS4, the lowest molecular weight fraction from EP3, was found superior to EP3 and the other fractions 
